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1. PURPOSE. T h i s  a d v i s o r y  c i r c u l a r  (AC) desc r ibes  a  method of demons t ra t i ng  
compl iance w i t h  t h e  requ i remen ts  o f  t h e  Federa l  A v i a t i o n  R e g u l a t i o n s  (FAR) 
concern ing  t h e  i n g e s t i o n  o f  water f r o m  t h e  runway l tax iway  s u r f  ace i n t o  t h e  
a i r s p e e d  system, t h e  engine, and e s s e n t i a l  aux i  1  i a r y  power u n i t  ( A P U ) ~  a i r  
i n l e t  duc ts  o f  t u r b i n e  engine powered a i r p l a n e s .  L i k e  a l l  a d v i s o r y  c i r c u l a r  
m a t e r i a 1 , i t  i s  n o t  mandatory and does n o t  
guidance purposes and t o  p r o v i d e  an examp 
accept  able.  

2. APPLICABLE FAR SECTIONS. 

a. Sec t i ons  2 3 . 1 0 9 1 ( ~ ) ( 2 )  and 25.109 

c o n s t i t u t e  a  r e g u l a t i o n .  I t  i s  f o r  
e  o f  a  method which has been found 

( d ) ( 2 )  of t h e  FAR. 

b. Sec t i ons  23.1325(a), 25.1323(d), and 25.1325(b) of t h e  FAR. 

3. RELATED ADVISORY CIRCULAR. AC 91-6A, Water, Slush,  and Snow on t h e  Runway, 
da ted  May 24, 1978. 

BACKGROUND. 

a. The Problem. A i r p l a n e  t u r b i n e  engines a re  s u s c e p t i b l e  t o  surge, s t a l l ,  
and f l ameou t  when t h e y  i n g e s t  excess i ve  q u a n t i t i e s  o f  water. A l l  c e r t i f i c a t e d  
t u r b i n e  eng ines have demonstrated a  c a p a b i l i t y  o f  i n g e s t i n g  s i m u l a t e d  r a i n f a l l  
w i t h o u t  s u f f e r i n g  o p e r a t i n g  problems. The q u a n t i t i e s  o f  water  sp ray  i n g e s t e d  b y  
an eng ine as t h e  a i r p l a n e  passes th rough  water s t a n d i n g  on runways and tax iways  
may exceed t h e  water  q u a n t i t i e s  used i n  t h e  eng ine c e r t i f i c a t i o n  t e s t i n g .  The 
r e g u l a t i o n s  r e q u i r e  t h a t  t h e  a i r p l a n e  des ign p reven t  hazardous q u a n t i t i e s  o f  
water  o r  s l u s h  f r o m  b e i n g  i n g e s t e d  i n t o  engines and APUs d u r i n g  t a k e o f f ,  
l and ing ,  and t a x i i n g .  Also,  water  i n g e s t i o n  i n t o  t h e  a i r speed  system may cause 
system m a l f u n c t i o n s  d u r i n g  t a k e o f f s  and land ings.  I t  i s  o f ten  p r a c t i c a l  t o  
i n v e s t i g a t e  these  e f f e c t s  c o n c u r r e n t l y  w i t h  t h e  eng ine water i n g e s t i o n  
e v a l u a t i o n .  

b. C r i t i c a l  Case. I f  a  c r i t i c a l  water i n g e s t i o n  problem e x i s t s ,  i t  
t y p i c a l l y  e x i s t s  d u r i n g  t a k e o f f  when engine power demands are  h igh.  The 
a i r p l a n e  t i r e s  cause bow waves, s i d e  spray, and " r o o s t e r  t a i l s "  ( sp ray  which i s  

1 An e s s e n t i  a1 a u x i l i a r y  power u n i t  produces b leed  a i r  and/or power t o  d r i v e  
accesso r ies  necessary f o r  t h e  d i s p a t c h  o f  t h e  a i r p l a n e  t o  m a i n t a i n  s a f e  
oper a t  i on. 



thrown o f f  the  t i r e  as i t  r o t a t e s )  which can c o l l e c t  i n t o  concent ra ted water  
streams t h a t  may be inges ted  by t he  engine. I f  t h e  q u a n t i t y  of water i s  
excess ive,  t h e  ope ra t i on  of the  engine-may be a f f e c t e d  s u f f i c  
unsafe c o n d i t i o n .  A d d i t i o n a l l y ,  c e r t a i n  a i r p l ane  designs may 
i n g e s t i o n  o f  hazardous q u a n t i t i e s  o f  water du r i ng  1  anding r o l  
reverse  t h r u s t .  

i e n t l y  t o  cause an 
a1 1  ow f o r  

l o u t  w h i l e  u s i n g  

c .  L i m i t i n g  Water Depth. A i r p l anes  should be capable of ope ra t i ng  on wet 
runways w i t h  areas o f  s tand ing  water w i t hou t  c r e a t i n g  adverse engine, APU, and 
a i rspeed  system ope ra t i ng  c h a r a c t e r i s t i c s  due t o  water i nges t i on .  Takeo f fs  
should n o t  be at tempted when s tand ing  water, s lush,  o r  wet snow grea te r  than 
one-hal f  i nch  i n  depth covers an apprec iab le  p a r t  o f  the runway ( r e fe rence  
AC 91-6A, "Water, Slush, and Snow on t h e  Runway ," dated 5/24/78). Therefore, 
one-hal f  i nch  water depth i s  the accepted t e s t  c r i t e r i a  f o r  demonst ra t ing 
compl iance w i t h  t h e  re ferenced r e g u l a t o r y  requirements concern ing water 
i n g e s t i o n  e f f e c t s  on engines, APUs, and a i rspeed  systems. An a p p l i c a n t  seeking 
a i rwo r t h i ness  approva l  may demonstrate the  water i nges t i on  c h a r a c t e r i s t i c s  of 
t h e  engine and a i r speed  system by conduc t ing  t e s t s  i n  a  one-ha l f  i n ch  deep 
water t e s t  bed. Upon a  successfu l  demonstrat ion,  t he  a i r p l a n e  i s  approved 
w i t hou t  an o p e r a t i n g  1  i m i t a t i o n  on runway water depths. I f  the  a i r p l a n e  can 
demonstrate success fu l l y  on ly  a t  some shal lower  water depth, then the  l e s s e r  
depth becomes a  l i m i t a t i o n  on t h a t  a i r p l a n e ' s  operat ion.  

5. WATER INGESTION TEST PROGRAM. 

a. De te rmina t ion  of Need To Test .  The a i r p l a n e  c o n f i g u r a t i o n  gene ra l l y  
determines t h e  spray p a t t e r n  o f  t h e  water .  The a p p l i c a n t  may  show compliance 
w i t h  §§ 23.1091 and 23.1325 o r  §§ 25.1091, 25.1323, and 25.1325 o f  t he  FAR by 
a n a l y s i s  acceptab le  t o  the FAA o r  by t e s t .  

b. Tes t  P lan.  If it i s  determined t h a t  a  t e s t  i s  needed t o  eva lua te  t he  
a i r p l a n e  spray c h a r a c t e r i s t i c s ,  t h e  a p p l i c a n t  should submit a  t e s t  p l an .  The 
t e s t  p lan  should i nc l ude ,  a t  l e a s t ,  data  d e s c r i b i n g  t he  t e s t  a i r p l a n e ' s  
con f i gu ra t i on ,  t h e  t e s t  f a c i l i t y ,  t h e  se l ec ted  water t e s t  depth, the  t e s t  
i n s t r umen ta t i on ,  and the  de ta i  1 ed t e s t  procedure. 

c .  Tes t  Cons iderat ions.  The demonstrat ion t e s t s  should be ex tens ive  enough 
t o  c l e a r l y  show t h e  c r i t i c a l  water i nges t i on  c h a r a c t e r i s t i c s  o f  t he  a i r p l ane ,  if 
any. The number of t e s t  runs should be s u f f i c i e n t  t o  demonstrate a l l  c r i t i c a l  
phases of t he  t a k e o f f ,  land ing,  and t a x i  operat ions.  The t e s t  procedures 
o u t l i n e d  i n  paragraph 5d descr ibe a  p re l im ina ry  t e s t  encompassing t e s t  runs a t  
d i f f e r e n t  speeds, b u t  a t  reduced t h r u s t  s e t t i n g s ,  i n  o rder  t o  demonstrate t h a t  
no engine i n l e t  o r  a i rspeed p o r t  i s  wet ted and t h a t  water i nges t i on  i s  n o t  
l i k e l y  a t  h i ghe r  t h r u s t  s e t t i n g s .  I f ,  a f t e r  a  s u f f i c i e n t  number o f  t e s t  runs a t  
d i f f e r e n t  speeds, i t  i s  obvious by i nspec t i on  o f  the wetted surfaces t h a t  water 
i n g e s t i o n  would n o t  occur even a t  h i ghe r  t h r u s t  s e t t i n g s ,  f u r t h e r  t e s t i n g  i s  n o t  
warranted. 
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d .  Suggested Test Procedure. 

(1) Airplane Configuration. All portions of the airplane that may 
influence the water spray patterns should be the production configuration. I f  
spray deflectors (chine t i r e s ,  fenders, e tc .  ) are' used, the predicted in-service 
wear patterns should be included in the demonstration testing. I f  the engine 
pneumatic systems ( a i r  conditioning, anti-ice,  e t c . ) ,  the APU electrical and 
pneumatic loads, and the state of the engine and APU ignition systems could have 
an influence on engine and essential APU operating characteristics while the 
powerplants ingest water, the most c r i t ica l  powerplant operating configuration 
that  i s  consistent w i t h  the appl ican t ' s recommended procedures for operation on 
wet runways should be used. In addition t o  testing the takeoff configuration, 
i f  the landing configuration redirects the water spray into a c r i t ica l  pattern, 
simulated 1 anding tes t s  should be conducted. 

( 2 )  Test Facili ty.  The t e s t  faci l i ty  must have adequate space for 
simulated takeoff runs (also taxi and landing runs, i f  required). The water 
t e s t  bed should be constructed so that the selected water depth can be 
maintained over not less  than 90 percent of the t e s t  bed area. Intermediate 
dams are allowed within the water trough in order to maintain a more consistent 
water depth on sloped or uneven surfaces. The t e s t  bed length should n o t  be 
less  than that required t o  produce a spray pattern of one second duration a t  
c r i t i ca l  t e s t  speeds. The t e s t  bed w i d t h  need only accommodate one landing gear 
i f  acceptable data are presented to the FAA which show the nose gear spray 
combined with the main gear spray i s  not more hazardous than the spray produced 
by each separately. If a water depth less than one-half inch i s  used, then that 
depth becomes an operational limitation for the airplane. 

( 3 )  Data Collection. The appl icant i s  expected to provide adequate 
personnel and equipment t o  collect the t e s t  data. The following l i s t  i s  the 
suggested data which are to be collected: 

( i  ) Airplane Performance Data. The operating characteristics of 
the enqine (and APU. i f  a ~ ~ l i c a b l e )  should be recorded. The a i r ~ l a n e  velocity 
should-be recorded when i t '  enters and exi ts  the t e s t  bed. Any engine sounds - 
which are indicative of engine distress should be noted. The airspeed system 
should be monitored to  observe any fluctuations from water ingestion. 

( i  i ) Water Spray Pattern. The pattern of water spray on the 
airplane should be recorded. This can be accomplished by coating the 
appropriate areas of the airplane with agents which identify the wetted areas 
and by using suitable high speed video recording equipment. The origin, 
trajectory, and configuration of the water spray should be recorded. 

( i  i i ) Meteor01 ogical Data. The appropriate meteor01 ogical data 
including wind velocity should be recorded for each t e s t  run. If no local 
airport  f a c i l i t i e s  provide this  data, appropriate equipment should be provided 
by the appl ican t . 

( i v )  P i lo t  Comments. Pilot  comments should be noted to  determine 
i f  the takeoff w o u l ~ e b e e n f e c t e d  by abnormal audible engine sounds, 
ai rpl ane instrument anomalies, e tc .  
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( 4 )  T e s t  Runs. The purpose o f  the t e s t  runs i s  t o  demonstrate 
compl iance w i t h  t h e  r e l e v a n t  r e g u l a t i o n s  by de te rmin ing  t h a t  t he  water spray 
c h a r a c t e r i s t i c s  o f  the a i r p l ane  are n o t  hazardous t o  i t s  opera t ion .  If the 
i n d i v i d u a l  spray pa t t e rns  i n d i c a t e  t h a t  the combined spray p a t t e r n s  o f  the nose 
and main l a n d i n g  gear do no t  combine t o  produce a  more hazardous spray pa t t e rn ,  
then each gear may be t es ted  i n d i v i d u a l l y .  I f  t he  nose gear o r  t h e  main gear 
i s  determined t o  be the most c r i t i c a l ,  on ly  t h a t  gear need be tes ted .  However, 
if data from the  i n d i v i d u a l  t e s t s  show the  p o s s i b i l i t y  o f  a  combined spray 
p a t t e r n  p resen t i ng  a  hazardous cond i t i on ,  nose and main gear combinat ion 
t e s t i n g  should be performed. 

( i  Engine Thrus t  o r  Power Se t t i ngs .  The t e s t s  should be 
conducted w i t h  t he  appropr ia te  t h r u s t  o r  power s e t t i n g .  However, d u r i n g  
p r e l i m i n a r y  t e s t s  t o -  determine a i r p l a n e  speeds f o r  c r i t i c a l  water spray- 
pa t t e rns ,  reduced power s e t t i n g s  may be used t o  f a c i l i t a t e  e s t a b l i s h i n g  t a r g e t  
t e s t  bed e n t r y  speeds. If any engine i n l e t  or  a i rspeed system p o r t  o r  probe i s  
we t ted  d u r i n g  reduced power t e s t  runs, a d d i t i o n a l  t e s t i n g  a t  t he  app rop r i a t e  
power s e t t i n g  should be conducted f o r  t h a t  speed range. I f  the  reduced power 
t e s t  runs demonstrate t h a t  no c r i t i c a l  speed e x i s t s ,  and would n o t  l i k e l y  e x i s t  
a t  h igher  power s e t t i n g s ,  f u r t h e r  t e s t i n g  o f  t h a t  c o n f i g u r a t i o n  i s  n o t  
necessary.  

( i i  T e s t  S  eeds. To e s t a b l i s h  the c r i t i c a l  speed range, t e s t  runs 
through t he  water + trough s  ou ld  be conducted i n  speed increments o f  n o t  more 
than 20 knots .  I f  a  c r i t i c a l  speed reg ion  i s  determined, sma l l e r  t e s t  speed 
increments may be requ i r ed  throughout  t h a t  speed range. I f  p r e l i m i n a r y  t e s t s  o r  
ana l ys i s ,  acceptab le  t o  the  FAA, s a t i s f a c t o r i l y  show t h a t  a  t e s t  speed range i s  
n o t  c r i t i c a l  w i t h  respec t  t o  engine o r  a i rspeed system water i nges t i on ,  t e s t  
runs need n o t  be conducted a t  speeds w i t h i n  t h a t  range. 

( i i  i ) Tes t  Con f igu ra t ions .  The f o l  l ow ing  ground ope ra t i ona l  phases 
should be t e s t e d  f o r  t h e i r  water i nges t i on  c h a r a c t e r i s t i c s ,  un less i t  has 
p r e v i o u s l y  been determined t h a t  a  hazard does n o t  e x i s t .  

(A )  S imulated Takeoff ( i f  r equ i r ed ) .  I f  t e s t s  o f  the t a k e o f f  
c o n f i g u r a t i o n  a re  deemed necessary, t he  runs throuqh the  t e s t  t rough  should be - - 

conducted a t  the  c r i t i c a l  speeds. I f  the r o t a t e d  a i r p l a n e  a t t i t u d e  i s  suspected 
t o  be c r i t i c a l ,  a t  l e a s t  one run a t  VR should be conducted w i t h  t he  a i r p l a n e  
r o t a t e d  t o  t he  normal r o t a t i o n  angle  t o  show what i n f l uence  t h i s  combinat ion o f  
power, f l a p s ,  and ang le  has on the  spray pa t t e rn .  

( B )  Simulated Landing ( i f  r equ i r ed ) .  I f  t e s t s  o f  the  l a n d i n g  
c o n f i g u r a t i o n  a re  deemed necessary, then the  runs through the  t e s t  t rough  should 
be conducted a t  any c r i t i c a l  speeds from the touchdown speed t o  the  lowes t  
app rop r i a t e  speed us i ng  the  normal approved 1  anding con f i gu ra t i on .  Engine power 
s e t t i n g s  app rop r i a t e  fo r  l a n d i n g  and r o l l - o u t  should be used. I f  t h r u s t  reversers  
o r  r e v e r s i n g  p rope l  1  e r s  a re  prov ided,  a d d i t i o n a l  water i nges t i on  t e s t s  should be 
cons idered t o  eva lua te  the use o f  these systems w h i l e  opera t ing  on wet rurrways. 

(C T a x i i n g  ( i f  r equ i r ed ) .  A i r p l ane  speeds, power s e t t i n g s ,  
and con f i gu ra t i ons  app rop r i a t e  f o r  normal t a x i  opera t ions  should a1 so be tes ted .  
T h i s  requirement i s  usua l l y  covered du r i ng  t a k e o f f  t e s t s .  
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and ambient 
water depth 
Winds para1 
water depth 

( i v )  P r e t e s t  A c t i v i t y .  The water depth, wind v e l o c i t y ,  
temperature should be recorded be fo re  each t e s t  run.  The 
should meet the 90 percent  c r i t e r i a  be fo re  beginn ing any t e s t  run. 

l e l  t o  t h e  water t rough may i n t e r f e r e  w i t h  ma in ta i n i ng  c o n s i s t e n t  
, unless dams are used throughout the t rough.  

( v )  Tes t  A c t i v i t y .  Outside observers should be prov ided t o  
determine i f  the  a i r p l a n e  remains i n  t he  t e s t  bed. The observers should a l s o  
no te  the  water spray pa t te rn ,  l i s t e n  f o r  abnormal engine sounds, and observe the 
a f f ec t  o f  t h e  wind on t he  spray pa t t e rn .  The mot ion/v ideo cameras, i f  used, 
should record  the  t e s t  run. The p re l im ina ry  t e s t  data c o l l e c t e d  on each t e s t  
run should be p rov ided  so t h a t  a determinat ion can be made t h a t  the  t e s t  run 
parameters were met. Usual ly ,  i t  i s  apparent t o  the observers a t  the complet ion 
of  each t e s t  run whether the  run was val  i d  and i f  a c r i t i c a l  speed was 
i d e n t i f i e d .  F a i l u r e  t o  a t t a i n  the  des i red speed o r  stay w i t h i n  the  t e s t  bed 
may d i  squal i fy the run. 

6. FINDING. 

a. No hazardous q u a n t i t i e s  o f  water are considered t o  have been inges ted  
when review o f  the c o l l e c t e d  t e s t  data shows t ha t :  

( 1) No engine f lameout, performance degradat ion, d i s t r e s s ,  o r  airspeed 
f l u c t u a t i o n s  occur red  which would c rea te  a sa fe t y  hazard du r i ng  any o f  the  t e s t  
runs through t he  se lec ted  water depth; and 

(2) I f  engine sounds denot ing  engine d i s t r ess ,  such as pops 
o r  c o c k p i t  i ns t rument  i n d i c a t i o n s  of engine surge o r  s t a l l  occurred, 
n o t  of s u f f i c i e n t  magnitude t o  cause a p i l o t  i n  se rv ice  t o  abor t  the 
operat ion.  

o r  bangs, 
they were 
p l  anned 

b. I f  t h e  above c r i t e r i a  are n o t  met us ing  the  p rescr ibed  water 
runs a t  another water depth must be performed t o  e s t a b l i s h  an operat  

depth, t e s t  
i o n a l  l i m i t .  

7. AIRPLANE FLIGHT MANUAL. I f  c o m ~ l  iance w i t h  the water i naes t i on  t e s t  
c r i t e r i a - i s  demonstrated a t  a water' depth l e s s  than t h a t  spe<i f ied,  the  l e s s e r  
depth becomes a l i m i t a t i o n  i n  the  A i rp lane  F l i g h t  Manual. The l i m i t a t i o n  
should spec i f y  t h e  water depth f o r  which the a i r p l ane  was found acceptable.  For 
a1 1 a i r p l anes  , any speci a1 i n s t r u c t i o n s  fo r  operat ion i n  runway/taxiway s tanding 
water should be i nc l uded  (e.g., spec ia l  t i r e s ,  f l a p  se t t i ngs ,  engine i g n i t i o n  
s e t t i n g ,  o r  reverse t h r u s t  o r  p r o p e l l e r  se t t i ng ,  e t c . ) .  Any spec ia l  a i r p l ane  
handl i n g  techniques necessary t o  ensure compliance w i t h  the  water i nges t i on  t e s t  
requirements should be compat ible w i t h  the handl i n g  techniques assumed i n  
es tab l  i sh ing  the  A i  r p l  ane F l  i ght  Manual performance cha rac te r i  s t i c s  . 

D i r e c t o r  o f  A i rwor th iness  
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